Abstract. Environmental noise usually hinders the efficiency of charge transport through coherent quantum systems; an exception is dephasing-assisted transport (DAT). We show that linear triple quantum dots in a transport configuration and subjected to pure dephasing exhibit DAT if the coupling to the drain reservoir exceeds a threshold. DAT occurs for arbitrarily weak dephasing and the enhancement can be directly controlled by the coupling to the drain. Moreover, for specific settings, the enhanced current is accompanied by a reduction of the relative shot noise. We identify the quantum Zeno effect and long-distance tunnelling as underlying dynamic processes involved in dephasing-assisted and -suppressed transport. Our analytical results are obtained by using the density matrix formalism and the characteristic polynomial approach to full counting statistics.
Introduction
The presence of environmental noise is generally considered to be an unavoidable hindrance to efficient transport of charge or energy through quantum systems. The general view is that transport in quantum systems relies on their coherence which is inevitably reduced by interactions with an external noisy environment. However, recently environmental noise has been found to play a positive role in transport. Motivated by experiments showing the presence of quantum beating in photosynthetic systems [1] [2] [3] , subsequent theoretical work pointed out that the efficiency of the excitation energy transfer in light-harvesting complexes during photosynthesis can benefit from the presence of environmental noise [4] [5] [6] [7] . The positive influence of dephasing on the transport efficiency, known as dephasing-assisted transport (DAT), was identified as one of the fundamental mechanisms involved.
For achieving a better understanding of this mechanism it is therefore very desirable to implement and explore DAT in the laboratory under controlled conditions. Several proposals in this direction have been made, including transport through quantum optical systems [8] , information transmission in quantum information platforms [9] , and heat transport through trapped-ion crystals [10] . The problem of dephasing-enhanced transport in homogeneous linear chains of fermions, including fluctuations [11] , has recently attracted a lot of interest. The effect of interactions [12, 13] , diagonal disorder [14] and the interplay between both [15] has been explored based on analytical and numerical results. In this work we show that the remarkable degree of control achievable in linear triple quantum dots (TQDs) make them well suited for observing DAT and the characteristic current fluctuations associated with it. The linear TQD is composed of tunnel-coupled single-level quantum dots (QDs), depicted schematically in figure 1. The first and last QDs are coupled to the source and drain reservoirs, respectively, and external dephasing acts on each QD partly destroying the quantum coherence in the system. Dephasing can be due to population decay and phase relaxation processes (pure dephasing). We here consider exclusively pure dephasing, which is not accompanied by changes of the populations. Working with spinless electrons, we determine analytically several non-equilibrium steady-state properties of the TQD, including the current, shot noise and the coherences of the reduced density matrix.
From our results emerges the following picture: DAT occurs for sufficiently strong coupling to the drain and finite detuning of the central QD. In terms of the energy levels of the TQD, dephasing-enhanced transport results from the interplay between two mechanisms for level-broadening, namely pure dephasing and coupling to the reservoirs. From a dynamic point of view, we argue that the equivalent of the quantum Zeno effect in quantum transport [16, 17] is involved in the occurrence of DAT as an underlying process. Indeed, strong coupling to the drain traps the coherent evolution of the charge between QD1 and QD2, thereby creating a transport bottleneck. The positive impact of dephasing, even if of vanishingly small strength, is to impair this coherent evolution and hence to alleviate the transport bottleneck. Therefore, DAT in the linear TQD with a single excess charge is not due to interference effects, which in comparable systems may originate from geometry, disorder or spin degrees of freedom [18] [19] [20] .
We also investigate the shot noise of the current to fully explore the existing experimental possibilities of QDs. The problem of current fluctuations in TQDs has been addressed for triangular configurations, where the main focus was on interference effects [21] [22] [23] including the influence of a threading magnetic field [24] [25] [26] [27] . For the linear TQD we find that dephasing-enhanced currents exhibits smaller relative fluctuations, i.e., a larger current-tonoise ratio, than the current without dephasing, at least for experimentally relevant parameter regimes.
Our proposal relies largely on the fact that the experimental study of TQDs has emerged recently, uncovering a variety of coherent transport properties [28] [29] [30] [31] [32] [33] [34] . In triangular geometries, entanglement [35] and effects of interference [18, [23] [24] [25] [26] [27] [36] [37] [38] [39] [40] have been studied, whereas in linear configurations phonon-and photon-assisted transitions as well as the influence of spin-orbit interactions have been analyzed [41, 42] . Most relevant for our proposal, transport measurements in a linear TQD have demonstrated superexchange, i.e., coherent long-distance tunnelling going beyond nearest-neighbor QDs [20, [43] [44] [45] .
Dephasing in QDs can be due to background charge noise [46] [47] [48] , inherent electronphonon interactions [48] [49] [50] [51] or capacitive coupling to nearby charge detectors, in particular the backaction of quantum point contacts [52] [53] [54] [55] [56] [57] [58] [59] . All these interactions can be used to produce DAT provided that pure dephasing reduces the coherence of the system while inelastic relaxation processes between electronic states are kept small. We focus here on electronphonon interactions as the main source of dephasing so that the dephasing rate γ can be controlled via the temperature of the phonon environment in the Kelvin regime. In this case, dephasing dominates as long as the overlap between wave functions of different local electronic states is small [47, [49] [50] [51] . To ensure that environmental effects are mainly due to pure dephasing, we detune the central QD significantly, thereby arranging the system in either a Λ-type or V -type configuration [cf. figure 1 ] with mostly localized electronic states. As we focus on the effect of dephasing on transport we refer to references [50, 51, 60] for microscopical aspects of electron-phonon interactions.
The paper is organized as follows: In section 2 we define the model in terms of a Lindblad master equation that describes the dynamics of the TQD. Then in section 3 we present our results: Section 3.1 contains a general overview of the transport properties of the TQD, including the exact conditions for the occurrence of DAT. Section 3.2 contains an analysis of the dephasing-induced change of the overall coherence of the TQD as well as of the elements of the steady-state density matrix. In section 4 we discuss the physical mechanisms relevant for transport (quantum Zeno effect and long-distance tunnelling) in detail, and in section 5 we suggest an experimental procedure for detecting dephasing-assisted currents. We end with the conclusions in section 6.
Model and method
The linear TQD is composed of three tunnel-coupled single-level QDs, denoted by QD1, QD2 and QD3, where QD1 and QD3 are coupled to the source and drain reservoirs, respectively [cf. figure 1 ]. We work in the limit of infinite bias voltage (µ L → ∞, µ R → −∞). Consequently, the Fermi functions of the reservoirs become f L = 1 and f R = 0 and all energy levels ε i lie within the conduction window. The system is assumed to be in the Coulomb blockaded regime (the intra-dot Coulomb interaction energy U being the largest energy scale), such that there is at most one extra electron in the TQD. The relevant basis states are accordingly the empty state |0 and the states |1 , |2 and |3 , in which one of the dots is occupied by a single spinless electron.
The Hamiltonian for the coherent evolution of the TQD is ( = 1 is taken throughout the paper)
where ε i denotes the on-site energy of an electron on each QD and t ij is the tunnelling coupling between adjacent QDs. The operators d † i (d i ) create (annihilate) an electron in the ith QD. The state of the open system, including reservoirs and environment-induced dephasing, is described by the reduced density matrix ρ(t) of the TQD whose time evolution is governed by the Lindblad master equation [61, 62] d dt
The different Lindblad operators act on ρ(t) as
where n i = d † i d i and { , } stands for the anticommutator. The operator L c describes the coherent evolution of the system, while L S and L D model the irreversible tunnelling of electrons out of the source and into the drain with rates Γ S and Γ D , respectively. In the infinite bias limit and within the wide-band approximation, these rates are constant and, moreover, the Born-Markov approximation with respect to the reservoirs becomes exact [60, 63] . Finally, L φ describes pure dephasing acting on all three QDs with equal strength. Dephasing causes an exponential decay of the non-diagonal elements of ρ(t) with the rate γ.
We are mainly interested in the regime of small dephasing γ t ij for two reasons: First, values of this order are typically observed in experiments on lateral coupled QDs [46] . Second, if the dephasing rate γ approaches the inter-and intra-dot Coulomb interaction, then the resulting level-broadening leads to a substantial overlap between the single particle states {|1 , |2 , |3 } and higher energy levels of the TQD, which are neglected here; hence we assume γ ≪ U for consistency. In addition, as shown in experiments [46] , variations of the on-site energies ε i lead to a modification of the dephasing rate γ; the energies ε i are therefore held constant.
The influence of dephasing on the steady-state transport through the TQD is analyzed by two measurable quantities, the average current I and the zero-frequency shot noise S. More generally, we consider the probability distribution p(n) of the number n of electrons that tunnel into the drain within a sufficiently long time interval ∆τ . We use the characteristic polynomial approach [64] to determine the full counting statistics, i.e., the distribution p(n), which is parametrized in terms of its cumulants C k . The essential steps of this approach are briefly outlined in Appendix A. From the time-scaled cumulants c k = C k /∆τ , we obtain the average current I = ec 1 and the shot noise S = 2e 2 c 2 , with e the electron charge. The Fano factor F = S/2eI indicates if the distribution p(n) is sub-Poissonian (F < 1) or superPoissonian (F > 1) and gives a measure for the relative shot noise of the current.
Dephasing-assisted transport
We first present the results for the transport properties of the TQD in terms of the current I, shot noise S and Fano factor F , and subsequently discuss the properties of the steady-state density matrix ρ s of the TQD. The characteristic polynomial approach allows us to obtain the transport properties for the most general configuration of the TQD. However, for clarity, we assume for the rest of the paper that the tunnel couplings between the QDs are identical (t 12 = t 23 = t c ) and that QD1 and QD3 are in resonance (ε 1 = ε 3 ). The detuning ε = |ε 1 −ε 2 | between the central and outer dots, identical for the Λ-type and V -type configuration, is then sufficient to parametrize the on-site energies ε i .
Dephasing-assisted current and shot noise
The analytical result for the current across the TQD including dephasing is
where the denominator is composed of
with the rate Γ φ = 2γ + Γ D . The analytical expression for the shot noise S φ is rather lengthy and therefore given in Appendix B. In the following we explore the physical content of the analytical results. To identify the parameter regime in which DAT occurs we consider the ratio between the current with dephasing I φ and without dephasing I 0 , the latter being an idealization for negligible dephasing rates. The ratio I φ /I 0 depends only weakly on Γ S and the detuning ε is kept constant. We therefore map out I φ /I 0 as function of Γ D and γ for representative values of Γ S and ε, with all parameters in units of t c . Figure 2 (a) shows the typical behaviour of I φ /I 0 . We see that the current is significantly enhanced by dephasing for sufficiently large values of Γ D . More precisely, the γ-Γ D plane is divided into two complementary regions, in which the current is either enhanced or suppressed by dephasing. The boundary separating the two regions, defined by I φ /I 0 = 1, is determined by the relation
We observe that equation (6) does not depend on Γ S and therefore completely defines the DAT-boundary in the entire parameter space of the system. Moreover, for fixed detuning ε and dephasing γ, we find that equation (6) defines a threshold Γ * D for dephasing enhanced transport, i.e., DAT is only possible if the coupling Γ D exceeds the value Γ * D . As it can be seen in figure 2(a) , the dependence of the threshold Γ * D on the rate γ is rather weak. It is instructive to examine the regime of weak dephasing γ ≪ t c , which yields particularly transparent results. Expanding I φ /I 0 to lowest order in γ we find
γ .
The prefactor of γ can take positive or negative values. Thus, the TQD can be brought into the regime of enhanced transport even for arbitrarily small dephasing γ by tuning the remaining parameters. For weak dephasing, we obtain the simple relation ε = 2 √ 3t
for the DAT-boundary and the corresponding threshold Γ * D = 2t c 3t 2 c + 2ε 2 /ε, both independent of γ. This explicit expression for Γ * D shows that finite detuning ε > 0 is necessary for DAT as Γ * D → ∞ in the limit ε → 0. On the other hand, in the limit of very large level detuning ε → ∞ the minimum value for the threshold Γ * D = 2 √ 2t c is obtained. More information about the transport properties of the TQD is encoded in the shot noise S. In particular, the question arises whether or not the dephasing-assisted current comes at the price of an increased level of shot noise. Figures 2(b) and 2(c) show the ratio of the shot noise S φ /S 0 and the Fano factor F φ /F 0 corresponding to the current I φ /I 0 in figure 2(a). We see that dephasing partly enhances the shot noise S φ /S 0 in the DAT region; however, the level of noise relative to the current, quantified by F φ /F 0 , is reduced.
In general, the shot noise corresponding to the dephasing-assisted current depends in an intricate way on the parameters of the system, and both dephasing-increased and -suppressed relative shot noise may be found. To have a better understanding of the fluctuations of the current, we consider the two specific cases of vanishingly small coupling Γ S → 0 and large coupling Γ S ≫ t c to the source. In the former limit, we expand F φ /F 0 to lowest order in Γ S to find
From equation (8) we determine the boundary between enhanced and suppressed relative shot noise, defined by F φ /F 0 = 1. It turns out that this boundary is identical to the DAT-boundary given by equation (6) and that enhanced transport is always accompanied by an increased Fano factor in the limit Γ S → 0.
In the opposite limit Γ S ≫ t c , we expand F φ /F 0 to lowest order in Γ −1
S to obtain an expression for the boundary F φ /F 0 = 1 which is independent of Γ S . In contrast to the previous case, the DAT region lies inside the region of a reduced Fano factor for all dephasing rates γ, similar to the example shown in figures 2(a) and 2(c). Thus, dephasing not only enhances the current through the TQD but also reduces the relative fluctuations in the regime Γ S ≫ t c .
Occupations and coherences of the reduced density matrix for the TQD
We now turn to the discussion of the steady-state density matrix ρ s of the TQD, which is determined by solving Lρ s = 0. The occupations ρ s ii and especially the coherences between different electronic states ρ s i =j play a crucial role for the transport processes. Unlike the current and shot noise, the density matrix ρ s is not directly accessible by measurements, yet useful for complementing our previous findings in terms of the dynamics of the TQD. The occupation probabilities for each state of the TQD including dephasing read
where D , and consequently counteracts the localization effect. We will further clarify the behavior of the occupations in context of the quantum Zeno effect in the next section.
The coherences of the TQD are given by As expected, we see that the overall coherence of the TQD is reduced with increasing γ. It is interesting, however, that for constant γ the coherence tends to be higher in the DAT region, which indicates that dephasing-enhanced transport is not directly related to a reduction of the overall coherence.
The weights of specific coherences ρ s ij with respect to the overall coherence C(ρ) are more informative and can be quantified as 2|ρ
This ratio is shown in figure 3(b) for the coherences ρ 
Underlying dynamic processes
We now focus on the underlying physical processes that account for enhanced and suppressed currents across the system. Transport through the TQD is determined by its energy levels, the tunnel coupling and the effects of the reservoirs. Accordingly, DAT can be explained as a consequence of level-broadening caused by both, pure dephasing and the coupling to the reservoirs. Nevertheless, our previous results suggest that we can also understand DAT in terms of the dynamics of the charge, which yields further insight into the role of dephasing. To this end, we present two effective models for the evolution of the TQD, which involve the equivalent of the quantum Zeno effect in quantum transport [16, 17] and long-distance tunnelling [43] [44] [45] . Both models reduce the problem of the TQD to an effective double quantum dot (DQD).
Quantum Zeno effect
Dephasing-enhanced transport occurs for Γ D exceeding the threshold Γ * D , typically Γ D ≫ t c , provided that the detuning ε is finite. To understand the predicted DAT let us first consider the TQD in the fully coherent regime. The coherent evolution of the electrons in the TQD is characterized by the time scale τ c ∼ t To be more quantitative, we describe the TQD in the Zeno regime in absence of dephasing by an effective model for QD1 and QD2 whose evolution is governed by
together with the Lindblad operator L S in equation (3) . The evolution of the charge in this effective DQD is reduced to the subspace spanned by the states {|0 , |1 , |2 } and tunnelling into the drain occurs now from QD2 with the effective rate [67, 68] 
In addition, the on-site energy of the second QD is shifted to ε
, with however a negligible effect on the transport properties, while ε 1 is unaffected. We note that, alternatively, equations (12) and (13) can be interpreted as a strong Lorentzian level broadening of QD3 due to the coupling to the drain with the corresponding reduction of the local spectral density. The effective Zeno model is valid in the regime Γ D ≫ t c and γ = 0, where it reproduces the behaviour of the current through the TQD, as shown in Appendix C.
Importantly, the current is strongly suppressed as the dynamics approaches the Zeno regime, according to equation (13) , because the effective coupling to the drain Γ Z D ≪ Γ D constitutes a transport bottleneck. We also point out the essential fact that the Zeno effect ‡ Note that within our assumptions for the reservoirs (wide-band limit and infinite bias voltage) our model is not restricted to small values of Γ D [66] .
relies on the coherent evolution of the TQD. Therefore, the transport bottleneck is not expected to occur for incoherent transport between the QDs.
The role of dephasing is to impair the coherence of the TQD and hence to render the Zeno effect less efficient. In fact, dephasing reduces the trapped coherent evolution between QD1 and QD2, resulting in the reduction of the coherence ρ s 12 [cf. figure 3(b) ], and generally enables incoherent transitions between all QDs. In this way, dephasing partially alleviates the transport bottleneck and consequently the dephasing-assisted current arises. This is reflected, also, in the change of the occupations ρ 
Long-distance tunnelling
The suppression of the current for Γ D t c , as seen in figure 2(a) , can be understood in terms of the long-distance tunnelling between QD1 and QD3. For the large detuning ε of the central QD, long-distance tunnelling provides the dominant mechanism for charge transport through the TQD. The effect of dephasing is to destruct this coherent pathway, leading to a suppressed current.
In order to have a better understanding of the negative impact of dephasing, we use an effective model for QD1 and QD3. In the coherent regime and for large detuning ε ≫ t c we can eliminate the state |2 from the dynamics of the TQD, leaving us with an effective DQD described by
together with the Lindblad operators L S , L D and L φ in equation (3) . Here, t [69] .
In general, for this effective DQD we find that dephasing always leads to a suppression of the current provided that ε 
so that indeed I ld φ /I ld 0 ≤ 1. This result, which is independent of the details of the effective model, explains the suppressed current of the TQD in regimes where long-distance tunnelling plays an important role in transport. The reduction of the current can be significant even for weak dephasing γ ≪ t c as the relevant ratio γ ld /t ld 13 may still be large.
Experimental implementation
Let us now discuss how DAT can be unambiguously detected in an experiment. An interesting aspect of transport through the linear TQD is not only that it exhibits DAT but, importantly, that the boundary between suppressed and enhanced transport can be crossed by changing a single external parameter. This crossing provides a clear signature for the observation of DAT.
In order to detect DAT we envisage the following experimental procedure with all parameters based on typical values for lateral QDs [43, 44, 46] : The current and shot noise are measured with two different values of the dephasing rate, γ 1 = 1µeV and γ 2 = 2.5µeV. In both measurements, the coupling of QD3 to the drain Γ D is varied in the range 0 − 30µeV, while the inter-dot tunnelling coupling t c = 5µeV, the detuning ε = 20µeV and the coupling to the source Γ S = 1µeV are kept constant.
The dephasing rate γ can be modified, for instance, by increasing the temperature of the environment, which results in enhanced electron-phonon interactions [50] . For example, in the case of piezoelectric phonons [70, 71] the required values of the dephasing rates γ 1 and γ 2 can be achieved for phonon temperatures of approximately 1K and 3K, respectively. We emphasize that the exact value of the rates γ 1 and γ 2 is not essential for our scheme as long as γ 2 > γ 1 , and that the strength of dephasing has not to be identical for all QDs, i.e., unavoidable small fluctuations of the dephasing rate δγ ≪ γ 2 − γ 1 acting on each QD do not affect the overall qualitative results.
Considering the ratio of the measured currents I γ 2 /I γ 1 as a function of the coupling to the drain Γ D , we expect to observe the crossover to DAT close to Γ D ∼ = 13.5µeV, as shown in figure 4(a) . The shot noise for γ 1 and γ 2 is practically identical in the DAT regime so that the ratio of the Fano factors F γ 2 /F γ 1 decreases for the selected parameters. The specific values of the two currents I γ 1 and I γ 2 , which are more relevant for the experimental implementation, are shown in figure 4(b) . The currents deviate by approximately 10pA (15%) well inside the regions where transport is either suppressed or enhanced, which is detectable by using standard technologies for lateral quantum dots.
Conclusions
We have proposed a concrete realization of DAT in a highly controllable quantum system. Our comprehensive and fully analytical results demonstrate that dephasing-assisted currents can be observed in linear TQDs in a transport configuration. Moreover, we have suggested an experimental procedure that provides an unambiguous way to evidence the occurrence of DAT under controlled conditions.
In particular, we have found that enhanced transport in linear TQDs occurs for sufficiently strong coupling to the drain and results from the reduction of the quantum Zeno effect, in contrast to triangular TQDs, where destructive interferences are the underlying cause for DAT. We also found that dephasing can suppress the current for moderate coupling to the drain due to the reduction of the long-distance tunnelling between the outer dots of the TQD. Both enhancement and suppression of the current induced by dephasing were shown to be directly reflected in the behavior of the coherences of the reduced density matrix of the TQD. While the above results have been obtained for a symmetric configuration of the linear TQD our findings are qualitatively valid also for moderately asymmetric configurations, e.g., with slightly different tunnelling couplings, t 12 = t 23 . In such a case, significant changes of the transport properties occur only in the regime of vanishingly weak coupling to the drain.
The example of the TQD clearly shows that the coupling to the drain reservoir plays a crucial role in DAT. This general conclusion may be relevant for other transport systems, in particular for larger arrays of QDs. It is worth mentioning that our results could be used to extract the dephasing rate γ from the transport properties of a linear array of QDs, in particular from the electrical current. Finally, we have revealed that dephasing induces significant changes in the relative level of shot noise. The underlying mechanisms responsible for these changes and the consequences of this result need yet to be explored. form reads
The coefficients a j = a j (ξ)| ξ=0 and their derivatives a
ξ a j (ξ)| ξ=0 and so forth immediately yield the time-scaled cumulants c k = C k /∆τ of the distribution p(n). Explicitly, we have for the average c 1 , the variance c 2 and the Fano factor F ≡ c 2 /c 1
The expressions above can be further simplified as a ′′ j = a ′ j for our specific set-up with a single source and drain in the infinite bias limit. From the cumulants we directly obtain analytical expressions for the average current I = ec 1 and the zero-frequency shot noise S = 2e 2 c 2 , with e the electron charge.
Appendix B. Transport properties of the TQD including pure dephasing
To obtain the general expressions for c 1 and c 2 we first construct the matrix of dimension 16 × 16 corresponding to L ξ , determine the characteristic polynomial P ξ (x) and then make use of equations (A.2). The result for the current c 1 is given in the main text [cf. equation (4)]. For the shot noise we find where the expressions for the B i are
with the rate Γ φ = 2γ + Γ D , and furthermore
2 )] ,
(B.3)
Appendix C. Effective model for the Zeno regime
In the regime Γ D ≫ t c , the equivalent of the quantum Zeno effect in quantum transport [16, 17] occurs. This effect reduces the TQD to an effective DQD described by equation (12) . The current I Z for the effective DQD is obtained from the known expression for the current across a DQD [72] , namely by replacing the rate to the drain Γ D by the effective rate Γ Z D in equation (13) , and reads
This effective current I Z reproduces the average current I for the full TQD system well in the limit Γ D ≫ t c , as we can see from the ratio I Z /I shown in figure B1 . We note that the ratio I Z /I approaches the asymptotic value 1 in the full Zeno regime, which is reached for values of Γ D larger than those explored in figure B1 . Nevertheless, for the regime of parameters where we predict DAT, the effect of large Γ D is already partially taking the system to the Zeno regime. This is noticeable by the suppression of the current in absence of dephasing, as seen for ρ s 33 in figure 3(a) .
Appendix D. Long-distance tunnelling and the effect of pure dephasing on the transport properties of a DQD
In section 4.2 we pointed out that in the regime ε ≫ t c and Γ D t c the long-distance tunnelling between QD1 and QD3 plays a role in the transport across the TQD. We can understand this effect by first considering the TQD in absence of dephasing and decoupled from the reservoirs. For large detuning ε ≫ t c it is possible to eliminate the central dot and describe the system by an effective DQD composed of QD1 and QD3, with the corresponding Hamiltonian in equation (14) and the effective tunnel coupling t ld 13 between the outer dots. We include now the coupling to source and drain reservoirs. Analogous to Appendix C, the current through the effective system I ld is obtained by replacing the tunnel coupling t i the renormalized on-site energies. In particular, we can follow the procedure in reference [69] to adiabatically eliminate the state |2 , which yields explicitly t t c and γ = 0. This is shown in figure B1 in the form of the ratio I ld /I, which tends to unity as the detuning ε increases, thereby demonstrating the validity of the effective description.
The fact that long-distance tunnelling in the full TQD appears only for moderate coupling to the drain can also be understood with the help of the effective model in (14) : Large values of Γ D induce a broadening of level |3 that may result in a substantial overlap with the detuned level |2 , rendering the description in terms of an effective DQD invalid. From a dynamic point of view, strong coupling to the drain takes the effective DQD into a Zeno-like regime, in which the observation of the QD3 tends to freeze the charge mainly in QD1. This Zeno-like localization becomes dominant once we leave the regime of moderate coupling Γ D ∼ t c , even for large detuning of QD2. It is also interesting that in this regime the Zeno effect reduces the only coherence participating in the effective DQD, ρ s 13 , [cf. Fig 3(b) ] and therefore destroys the long-distance tunnelling in absence of dephasing.
We now turn to the analysis of the effect of dephasing on the transport properties of the effective DQD, i.e., we include the Lindblad term L φ of equation (3) with the effective rate γ ld . As the results are generally valid for a DQD coupled to reservoirs and subjected to pure dephasing we omit the label ld in the following, but apart from this use the same notation as in the main text.
Applying the characteristic polynomial approach [64] we obtain the average current I φ = 4t .
(D.4)
A detailed analysis of this expression reveals that the current can be either enhanced or suppressed by dephasing, depending on the relevant parameters of the system. Note that for the full TQD system we assumed that QD1 and QD3 are in resonance, i.e., ε 13 = 0. In this particular case, equation (D.4) reduces to equation (15) in the main text, which demonstrates that pure dephasing suppresses the current across a DQD at zero detuning.
